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Plasma Display Panel 

BACKGROUND OF THE INVENTION 

[0001] This is a continuation-in-part of prior application 

Ser. No. 10/291,605 filed on November 12, 2002, the benefit of 
the filing date of which is hereby claimed under 35 U.S.C. 120. 

Field of the Invention 

[0002] The present invention relates to a plasma display 

panel, and more particularly to a plasma display panel that is 
capable of preventing the discoloration of a substrate caused 
by migration of a metal bus electrode or metal paste's running 
down. Further, the present invention relates to a plasma 
display panel that is capable of improving a display quality. 

Description of the Related Art 

[0003] Generally, a plasma display panel (PDP) radiates a 

fluorescent body by an ultraviolet with a wavelength of 147nm 
generated during a discharge of He+Xe or Ne+Xe gas to thereby 
display a picture including characters and graphics. Such a 
PDP is easy to be made into a thin-film and large -dimension 
type. Moreover, the PDP provides a highly improved picture 
quality owing to a recent technical development. Particularly, 
a three-electrode, alternating current (AC) surface-discharge 
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type PDP has advantages of a low-voltage driving and a long 
life in that it can lower a voltage required for a discharge 
using wall charges accumulated on the surface thereof during 
the discharge and protect the electrodes from a sputtering 
caused by the discharge. Further, the PDP has advantages that 
its fabricating process is simple, it is easier to be made 
into a large screen and its response speed is fast because it 
does not have to form an active switching device every cell in 
the same way as a liquid crystal display (LCD) . 

[0004] Referring to Fig. 1, a discharge cell of the three- 

electrode, AC surface-discharge PDP includes a scanning 
electrode 30Y and a sustaining electrode 30Z formed on an 
upper substrate 10, and an address electrode 20X formed on a 
lower substrate 18. 

[0005] The scanning electrode 30Y and the sustaining 

electrode 30Z include a transparent electrode 12Y or 12Z, and 
a metal bus electrode 13Y or 13Z having a smaller line width 
than the transparent electrode 12Y or 12Z and provided at one 
edge of the transparent electrode, respectively. The 
transparent electrodes 12Y and 12Z are formed on the upper 
substrate 10 and are made of indium- tin-oxide ITO. The metal 
bus electrodes 13Y and 13Z are formed by going through an 
etching process after depositing chrome/copper/chrome 



(Cr/Cu/Cr) by a deposition method, or by going through a 
patterning and firing process after printing photosensitive 
silver paste. On the upper substrate 10 provided with the 
scanning electrode 30Y and the sustaining electrode 30Z, an 
upper dielectric layer 14 and a protective film 16 are 
disposed. Wall charges generated upon plasma discharge are 
accumulated in the upper dielectric layer 14. The protective 
film 16 protects the upper dielectric layer 14 from a 
sputtering generated during the plasma discharge and improves 
the emission efficiency of secondary electrons. This 
protective film 16 is usually made of magnesium oxide (MgO) . 
The address electrode 20X is formed in a direction crossing 
the scanning electrode 30Y and the sustaining electrode 30Z. A 
lower dielectric layer 22 and barrier ribs 24 are formed on 
the lower substrate 18 provided with the address electrode 20X. 
A fluorescent material layer 26 is coated on the surfaces of 
the lower dielectric layer 22 and the barrier ribs 24. The 
barrier ribs 24 are formed in parallel to the address 
electrode 20X to define the discharge cell physically and 
prevent an ultraviolet ray and a visible light generated by 
the discharge from being leaked into the adjacent discharge 
cells. The fluorescent material layer 26 is excited and 
radiated by an ultraviolet ray generated upon plasma discharge 
to produce a red, green or blue color visible light ray. An 
inactive mixture gas, such as He+Xe or Ne+Xe, for a gas 



discharge is injected into a discharge space defined between 
the upper and the lower substrates 10 and 18 and the barrier 
ribs 24 . 

[0006] Such a three-electrode AC surface-discharge PDP 

drives one frame, which is divided into a plurality of sub- 
fields having a different emission frequency, so as to realize 
gray levels of a picture. Each sub-field is again divided into 
a reset interval for uniformly causing a discharge, an address 
interval for selecting the discharge cell and a sustaining 
interval for realizing the gray levels depending on the 
discharge frequency. When it is intended to display a picture 
of 256 gray levels, a frame interval equal to 1/60 second (i.e 
16.67 msec) in each discharge cell is divided into 8 sub- 
fields SF1 to SF8 . Each of the 8 sub-fields SF1 to SF8 is 
divided into a reset interval, an address interval and a 
sustaining interval . The reset interval and the address 
interval of each sub-field are equal every sub-field, whereas 
the sustaining interval and the discharge frequency are 
increased at a ratio of 2 n (wherein n = 0, 1, 2, 3, 4, 5, 6 and 
7) at each sub-field. Since the sustaining interval becomes 
different at each sub- field as mentioned above, the gray 
levels of a picture can be realized. 
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[0007] By the way, the conventional PDP has a problem of 

discoloration of the substrate 10 caused by migration of the 
metal bus electrodes 13 and 13Z or the fact that silver (Ag) 
paste runs down the substrate 10 in case that the silver (Ag) 
paste is printed to form the metal bus electrodes 13Y and 13Z. 
The migration means that cation of silver Ag+ is eluted from 
an anode and moves to a cathode under dissolved oxygen in case 
of there being a voltage difference between two adjacent 
electrodes, which are the cathode and anode respectively. 
Sometimes, the cation of silver eluted discolors the surface 
of the substrate 10 in such migration process. The most 
significant cause of such substrate discoloration lies in an 
upper plate structure of the PDP. That will be described in 
detail in conjunction with Fig. 2 and 3. 

[0008] Referring to Fig. 2, metal bus electrodes 13Y and 

13Z formed in a conventional PDP has their outer edge go in 
more by a certain length 6 toward the center of a cell than 
the outer edge of transparent electrodes 12Y and 12Z located 
at the outer area of the cell. And the inner edge of the 
conventional metal bus electrodes 13Y and 13Z goes in more by 
a certain length to toward the outer of a cell than the inner 
edge of transparent electrodes 12Y and 12Z. There is a black 
layer 2 8 with conductivity formed between the metal bus 
electrodes 13Y and 13Z and the transparent electrodes 12Y and 



12Z. The black layer 28 is formed by oxidizing metal or 
printing and patterning paste where metal powder and black 
pigment are mixed together. The black layer 28 act to prevent 
a contrast deterioration of a display screen caused by 
external light being reflected from the metal bus electrode 
13Y and 13Z by absorbing the external light. 

[0009] According to a structure of the metal bus 

electrodes 13Y and 13Z as in Fig. 2, the silver Ag paste is 
likely to run down to the transparent electrodes 12Y and 12Z 
or the substrates 10 so as to cause the substrate 10 to be 
discolored when the silver Ag paste is printed to form the 
metal bus electrodes 13Y and 13Z. This is because the outer 
edges of the metal bus electrodes 13Y and 13Z are close to the 
transparent electrodes 12Y and 12Z or the substrate 10. 
Further, anion of the metal bus electrodes 13Y and 13Z is 
likely eluted to discolor the substrate 10 by such a structure. 

[0010] There is a PDP where an oxide film is formed on the 

substrate 10 as in Fig. 3 as another scheme for reducing the 
problem of the substrate discoloration. 

[0011] Referring to Fig. 3, another conventional PDP 

includes an oxide film 30 formed of silicon oxide SiO between 
transparent electrodes 12Y and 12Z and a substrate 10. In this 



PDP, metal bus electrodes 13Y and 13Z has their outer edge go 
in more by a certain length 6 toward the center of a cell than 
the outer edge of transparent electrodes 12Y and 12Z located 
at the outer area of the cell. And the inner edge of the metal 
bus electrodes 13Y and 13Z goes in more by a certain length to 
toward the outer of a cell than the inner edge of transparent 
electrodes 12Y and 12Z. There is a black layer 28 with 
conductivity formed between the metal bus electrodes 13Y and 
13Z and the transparent electrodes 12Y and 12Z. The oxide film 
30 is formed between the metal bus electrodes 13Y and 13Z and 
the substrate 10 so as to shut off for silver paste or silver 
ion eluted from the metal bus electrodes 13 and 13 z not to 
move toward the substrate 10. 

[0012] However, in case that the oxide film is formed on 

the PDP as in Fig. 3, because it has lower transparency than 
glass, the aperture ratio and brightness of the PDP is 
deteriorated and equipment and a process for depositing the 
oxide film should be additionally required. 

[0013] Moreover, since the PDP as in Fig. 2 or 3 has the 

metal bus electrode 13Y and 13Z biased toward the inner side 
of a discharge cell , so there is a problem of the aperture 
ratio being that much smaller. 
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[0014] Particularly, since the light is leaked into the 

direction of adjacent discharge cells CI and C2 through a 
boundary area BD between the adjacent discharge cells CI and 
C2, the PDP in Figs. 2 and 3 has a bad contrast, and since the 
light incident by the black layer 28 via metal bus electrodes 
13Y and 13Z is shut off, a brightness is deteriorated, thereby 
having a problem of a bad display quality as shown in Fig. 4. 

SUMMARY OF THE INVENTION 

[0015] Accordingly, it is an object of the present 

invention to provide a plasma display panel PDP that is 
capable of preventing discoloration of a substrate caused by 
migration of a metal bus electrode or metal paste's running 
down . 

[0016] Another object of the present invention is to 

provide a PDP that is capable of improving a display quality. 

[0017] In order to achieve these and other objects of the 

invention, a plasma display panel according to embodiments of 
the present invention includes a transparent electrode; a 
metal bus electrode; a first light shielding layer formed 
between the trans parent electrode and the metal bus electrode 
on each discharge cell; and a second light shielding layer 
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formed between the adjacent discharge cells, wherein the first 
light shielding layer and the second light shielding layer are 
different from each other in at least one of a thickness 
thereof and a concentration of a pigment thereof. 

[0018] The plasma display panel of claim 1, wherein the 

first light shielding layer and the second shielding layer are 
connected to each other. 

[0019] The plasma display panel further includes a 

substrate having the transparent electrode formed thereon, 
wherein the second light shielding layer is commonly connected 
to the transparent electrodes formed in each of the adjacent 
discharge cells. 

[0020] The plasma display panel further comprises a 

substrate having the transparent electrode formed thereon, 
wherein the second light shielding layer is electrically 
connected to the transparent electrodes formed in each of the 
adjacent discharge cells. 

[0021] The thickness of the first light shielding layer is 

thinner than that of the second light shielding layer. 
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[0022] The thickness of the first light shielding layer is 

thinner by about 0 . l//m ~ 2fm\ than that of the second light 
shielding layer. 

[0023] The pigment concentration of the first light 

shielding layer is lower than that of the second light 
shielding layer. 

[0024] The pigment concentration of the first light 

shielding layer is lower by about 1% - 10% than that of the 
second light shielding layer. 

[0025] The pigment of the first and the second light 

shielding layers is a non- conductive pigment. 

[0026] The pigment of the first and the second light 

shielding layers includes at least one of a cobalt oxide Co x O y/ 
an iron oxide Fe x O y/ a chrome oxide Cr x O y and a manganese oxide 
Mn x O y . 

[0027] The concentration of the pigment is about 70% in 

the first and the second light shielding layers. 

[0028] The pigment of the first light shielding layer 

comprises a conductive pigment . 
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[0029] The pigment of the first light shielding layer 

includes a ruthenium oxide Ru x O y . 

[0030] The concentration of the pigment in the first light 

shielding layer is about 60% - 69%. 

[0031] A plasma display panel comprises a transparent 

electrode; a metal bus electrode; a first light shielding 
layer formed between the transparent electrode and the metal 
bus electrode on each discharge cell; and a second light 
shielding layer formed between adjacent cells. 

[0032] A plasma display panel comprises a transparent 

electrode; a metal bus electrode; a first light shielding 
layer formed between the transparent electrode and the metal 
bus electrode on each discharge cell; and a second light 
shielding layer formed between the adjacent cells, wherein 
each of the first and the second light shielding layers has a 
different light shielding ratio from each other. 

[0033] The light shielding ratio of the first light 

shielding layer is lower than that of the second light 
shielding layer . 
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[0034] The light shielding ratio of the first light 

shielding layer is lower by 0.1% - 5% than that of the second 
light shielding layer. 

[0035] The first light shielding- layer and the second 

light shielding layer are different from each other in at 
least one of a thickness and a pigment concentration. 

[0036] The thickness of the first light shielding layer is 

thinner than that of the second light shielding layer; and the 
pigment concentration of the first light shielding layer is 
lower than that of the second light shielding layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] These and other objects of the invention will be 

apparent from the following detailed description of the 
embodiments of the present invention with reference to the 
accompanying drawings, in which: 

[0038] Fig. 1 is a perspective view of a discharge cell 

structure of a conventional three-electrodes AC surface 
discharge type PDP; 

[0039] Fig. 2 illustrates in detail a portion of an upper 

plate of the PDP including a metal bus electrode shown in Fig. 
l; 
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[0040] Fig. 3 is a sectional perspective view of a portion 

of an upper plate of another related art PDP where an oxide 
film is formed; 

[0041] Fig. 4 illustrates a light leakage between adjacent 

cells in the related art PDP; 

[0042] Fig. 5 shows a portion of an upper plate of a PDP 

according to a first embodiment of the present invention; 

[0043] Fig. 6 is a cross-sectional view of a set of the 

transparent electrode, the black layer and the metal bus 
electrode shown in Fig. 4; 

[0044] Fig. 7 is a cross-sectional view of a portion of an 

upper plate of a PDP according to a second embodiment of the 
present invention,* 

[0045] Fig. 8 is a cross-sectional view of a portion of an 

upper plate of a PDP according to a third embodiment of the 
present invention; and 

[0046] Fig. 9 is a cross-sectional view of a portion of an 

upper plate of a PDP according to a fourth embodiment of the 
present invention . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0047] Hereinafter, the preferred embodiments of the 

present invention will be described in detail with reference 
to Figs. 5 and 9. 
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[0048] Referring to Figs. 5 and 6, a PDP according to a 

first embodiment of the present invention includes a 
transparent electrode 52 formed on an upper substrate 51, a 
black layer 53 covering the outside edge and a portion of an 
upper surface of the transparent electrode 52, and a metal bus 
electrode formed on the transparent electrode 52 with the 
black layer 53 therebetween . 

[0049] The upper substrate 51 is made from materials such 

as transparent glass, plastic and ceramic. A scanning 
electrode or a sustaining electrode is composed of the 
transparent electrode 52, the metal bus electrode 54 and the 
black layer 53 as deposited. 

[0050] The black layer 53 covers the outer upper surface 

of the transparent electrode 52 close to a discharge space 
within a discharge cell and is bent at the outer edge of the 
transparent electrode 52 to cover the outer side of the 
transparent electrode 52. The black layer 53 is formed by 
oxidizing a metal or printing and patterning a paste in which 
metal powder and black pigment are mixed together. It is 
preferred that a concentration of a conductive pigment of the 
black layer, for instance, a ruthenium oxide Ru x O y is about 70% 
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in the black layer 53 in consideration of light shielding and 
conductivity . 



[0051] The black layer 53 absorbs an external light 

incident to the metal bus electrode 54 or an external light 
reflected from the metal bus electrode 54 to increase contrast 
(or visibility) , and in case that silver paste runs down in a 
printing process of the metal bus electrode 54, the distance 
between the metal bus electrode 54 and the upper substrate 51 
is made to be extended as compared with the prior art, thereby 
preventing a discoloration of the upper substrate 51 caused by 
electrode material. Further, the black layer 53 has the 
distance between the metal bus electrode 54 and the upper 
substrate 51 extended to shut off a migration due to an ion 
elution of the electrode material, thereby preventing the 
discoloration of the upper substrate 51. 



[0052] The area of the black layer 53 is 1.5 times as big 

as the area of the metal bus electrode 54 . The end of the 
outer edge of the black layer 53 is in contact with the upper 
substrate 51. 



[0053] The black layer 53 

electrode 54 and the upper 
overlapped with or not being 



is located between the metal bus 
substrate 51 while not being 
coupled to a black layer of an 
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adjacent discharge cell in order for the metal bus electrode 
54 not to make direct contact to the upper substrate 51 when 
changing the structure of the transparent electrode 52 or the 
metal bus electrode 54 . 

[0054] The outer edge of metal bus electrode 54 and the 

outer edge of the transparent electrode 52 are substantially 
same in their location or are located on the same vertical 
line. And, the metal bus electrode 54 is biased toward the 
outer side of a discharge cell which is separated by a 
distance of t from the inner edge of the transparent electrode 
52. As can be seen in Figs. 2 and 5, the distance between the 
inner edge of the metal bus electrode 54 and the inner edge of 
the transparent electrode 52 is extended from to to t, where t 
is greater than to. Accordingly, the metal bus electrode 54 
has its width set narrow and is positioned a little to the 
outer side of the discharge cell so as to increase an aperture 
ratio and brightness of each discharge cell as much. 

[0055] On an upper plate of the PDP is also formed a 

dielectric layer (not shown) deposited on the upper substrate 
and a protective film (not shown) to cover the transparent 
electrode 52, the black layer 53 and the metal bus electrode 
54. The upper plate of the PDP with such a structure is 
combined to a lower plate shown in Fig. 1 and they were sealed 
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There is inactive mixture gas such as He+Xe, Ne+Xe or He+Ne+Xe 
injected into a discharge space between the upper plate and 
the lower plate. 

[0056] Fig. 7 is a cross-sectional view of a portion of an 

upper plate of a PDP according to a second embodiment of the 
present invention . 

[0057] Referring to Fig. 7, the PDP according to the 

second embodiment of the present invention includes a 
transparent electrode 72 formed on the upper substrate 71 and 
a black layer 7 0 formed between adjacent discharge cells CI 
and C2 and between transparent electrodes 72Y and 72Z and 
metal bus electrodes 73Y and 73Z for each of the discharge 
cells CI and C2 . 

[0058] The transparent electrode 72Y and the metal bus 

electrode 73Y located on one side of each of the discharge 
cells CI and C2 is comprised of a scanning electrode to which 
a scanning signal for selecting a horizontal line of the PDP 
for an address interval is applied and a sustaining pulse for 
causing a sustain discharge is applied for the discharge cell 
selected by an address discharge for a sustaining interval. 
Moreover, the transparent 72Z and the metal bus electrode 73Z 
located on the other side of each of the discharge cells CI 
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and C2 is comprised of a sustain electrode to which a 
sustaining pulse is applied in alternating fashion with the 
scanning electrode to allow the discharge cell selected by the 
address discharge to cause a sustain discharge. 

[0059] The upper substrate 71 is made of materials such as 

transparent glass, plastic and ceramic. 

[0060] The black layer 70 is formed between the 

transparent electrodes 72Y and 72Z and the metal bus 
electrodes 73Y and 73Z at each of the discharge cells CI and 
C2 . Furthermore, the black layer 70 is formed on the upper 
substrate 71 between the adjacent discharge cells CI and C2 
via a boundary area BD, and connected to the transparent 
electrodes 72Y and 72Z neighboring the adjacent discharge 
cells CI and C2 . 

[0061] It is preferred that a concentration of the pigment 

having a high resistivity or non-conductivity, for instance, a 
cobalt oxide Co x O y , an iron oxide Fe x O y , a chrome oxide Cr x O y 
and a manganese oxide Mn x O y , etc. is about 70% in a black paste 
of the black layer 70 in order for two electrodes neighboring 
the adjacent discharge cells CI and C2 not to be electrically 
shorted. In addition to the pigment, a concentration of an 
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organic binder, a surfactant and other additives is about 30% 
in the black paste. 

[0062] To form the black layer 70, a process for 

fabricating the upper plate includes a printing process for 
printing the same compositional black paste as mentioned above 
through a screen and a mask on the upper substrate 71 provided 
with the transparent electrodes 72Y and 72Z and a firing 
process for solidifying the black paste. The black layer 70 
formed between the transparent electrodes 72Y and 72Z and the 
metal bus electrodes 73Y and 72Z, and the black layer 70 
formed between the adjacent discharge cells CI and C2 via a 
boundary area BD are same in thickness and formed at the same 
time . 

[0063] The black layer 70 absorbs an external light 

incident to the metal bus electrodes 73Y and 73Z or a light 
reflected from the metal bus electrodes 73Y and 73Z to enhance 
contrast (or visibility) , and absorbs a light irradiated from 
the adjacent discharge cells to enhance contrast (or 
visibility) . Moreover, in case that silver paste runs down 
during the printing process of the metal bus electrodes 73Y 
and 73Z, the black layer 70 has the distance between the metal 
bus electrodes 73Y and 73Z and the upper substrate 71 made to 
be extended as compared with the related art, thereby 
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preventing a discoloration of the upper substrate 71 caused by 
electrode material. Further, the black layer 70 has the 
distance between the metal bus electrodes 73Y and 73Z and the 
upper substrate 71 made to be extended to shut off a migration 
due to an ion elution of the electrode material, thereby 
preventing the discoloration of the upper substrate 71. 

[0064] The metal bus electrodes 73Y and 73Z have a pad 

connected to an external driving circuit at their ends, and 
receive the driving signal such as the scanning pulse or the 
sustaining pulse from the external driving circuit . The outer 
edges of the metal bus electrodes 73Y and 73Z has 
substantially the same scheme as the outer edges of the 
transparent electrodes 72Y and 72Z or are located on the same 
vertical line as those of the transparent electrodes 72Y and 
72Z. Moreover, the metal bus electrodes 73Y and 73Z may go in 
more by a certain length toward the center of the discharge 
cell from the outer edge. Further, the inner edge of the metal 
bus electrodes 73Y and 73Z is separated by the length t from 
the inner edge of the transparent electrodes 72 Y and 72 Z as 
similar as the first embodiment described above, thereby going 
in more toward the outer than the related art . 

[0065] On an upper plate of the PDP, a dielectric layer 

(not shown) deposited on the upper substrate 71 and a 
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protective film (not shown) are further formed to cover the 
transparent electrodes 72 Y and 72Z, the black layers 70 and 
the metal bus electrodes 73Y and 73Z. The upper plate of the 
PDP with such a structure is jointed to and selected with a 
lower plate shown in Fig. 1 and an inactive mixture gas such 
as He+Xe, Ne+Xe or He+Ne+Xe is injected into a discharge space 
arranged between the upper plate and the lower plate. 

[0066] Fig. 8 is a cross-sectional view of an upper plate 

of a PDP according to a third embodiment of the present 
invention . 

[0067] Referring to Fig. 8, the PDP according to the third 

embodiment of the present invention includes a transparent 
electrode 82 formed on an upper substrate 81 and black layers 
80A and 80B formed on the upper substrate 81 at each of the 
adjacent discharge cells CI and C2 and formed between 
transparent electrodes 82Y and 82Z and metal bus electrodes 
83Y and 83Z at each of the discharge cells CI and C2 , wherein 
the black layers 8 OA and 8 0B have light transmittances which 
are partially different from each other. 

[0068] The transparent electrodes 82Y and the metal bus 

electrode 83Y located on one side of each of the discharge 
cells CI and C2 is comprised of a scanning electrode to which 
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a scanning signal for selecting a horizontal line of the PDP 
for an address interval is applied and a sustaining pulse for 
causing a sustain discharge is applied for the discharge cell 
selected by an address discharge for a sustaining interval . 
Moreover, the transparent 82Z and the metal bus electrode 83Z 
located on the other side of each of the discharge cells CI 
and C2 is comprised of a sustain electrode to which a 
sustaining pulse is applied in alternating fashion with the 
scanning electrode to allow the discharge cell selected by the 
address discharge to cause a sustain discharge. 

[0069] The upper substrate 81 is made of materials such as 

transparent glass, plastic and ceramic. 

[0070] The black layers 80A and 80B include a first black 

layer 8 OA formed between the transparent electrodes 82Y and 
82Z and the metal bus electrodes 83Y and 83Z at each of the 
discharge cells CI and C2 ; and a second black layer 80B formed 
on the upper substrate 81 between the adjacent discharge cells 
CI and C2 via a boundary area BD, and connected to the 
transparent electrodes 82Y and 82Z neighboring the adjacent 
discharge cell CI and C2 . 

[0071] A light shielding ratio of the first black layer 

80A is lower by about 0.1% ~ 5%, preferably about 0.1% - 3%, 
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than that of the second black layer 80B. For instance, the 
light shielding ratio of the first black layer 80A may be 
about 95%. In contrast, the light shielding ratio of the 
second black layer 80B is higher by about 96% than that of the 
first black layer 8 OA . 

[0072] The higher the light shielding ratio of the first 

black layer 80A is, the more a light irradiated from a 
phosphorous material (not shown) , transmit the metal bus 
electrodes 83Y and 83Z, transmitting the first black layer 80A 
and then going toward a display surface becomes, thereby 
enhancing the brightness of the discharge cell. 

[0073] As the light shielding ratio of the second black 

layer 80B is lower, an undesirable light irradiated from the 
adjacent discharge cell is shielded, thereby enhancing the 
contrasts of the adjacent discharge cells CI and C2 . 

[0074] In case that a silver paste runs down for a 

printing process of the metal bus electrodes 83Y and 83Z, the 
distance between the metal bus electrodes 83Y and 83Z and the 
upper substrate 81 is made to be extended as compared with the 
related art, thereby preventing a discoloration of the upper 
substrate 81. Further, the second black layer 80B has the 
distance between the metal bus electrodes 83Y and 83Z and the 
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upper substrate 81 extended to shut off a migration due to an 
ion elution of the electrode material, thereby preventing the 
discoloration of the upper substrate 81 caused by electrode 
material . 

[0075] To make the light shielding ratio of the first and 

the second black layers 80A and 80B different from each other, 
the thickness of the first black layer 80A is thinner by about 
0 . IfM ~ 2{m\ than that of the second black layer 80B. For 
instance, the thickness of the first black layer 80A may be 
selected within 2jm while the thickness of the second black 
layer 80B may be selected in the range of 2pm ~ 4//m. 

[0076] It is preferred that the concentration of the 

pigment having a high resistivity or non-conductivity, for 
instance, a cobalt oxide Co x O y/ an iron oxide Fe x O y , a chrome 
oxide Cr x O y and a manganese oxide Mn x O y , etc. is occupied about 
70% in the black paste of the black layer 80 so that two 
electrodes neighboring the adjacent discharge cells CI and C2 
are not electrically shorted. In addition to the pigment, an 
organic binder, a surfactant and other additives are included 
about 30% in the black paste. 



[0077] To form the first and the second black layers 80A 

and 80B, a process for fabricating the upper plate includes a 
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printing process for printing the same compositional black 
paste as mentioned above through a screen and a mask on the 
upper substrate 81 having the transparent electrodes 82Y and 
82Z and a firing process for solidifying the black paste. To 
make the thickness of the second black layer 80B thicker than 
that of the first black layer 80A, after a first printing 
process and a first firing process of a black paste are 
finished, the first black layer 80A is masked by a second mask, 
and the black paste is secondly printed on the position of the 
second black layer 80B through the second mask and then fired 
secondly. The present invention may employ a method for 
differently controlling the number of printing as well as a 
laser manufacturing and a mechanical manufacturing to make the 
thickness of the first and the second black layer different 
from each other. 

[0078] The metal bus electrodes 83Y and 83Z have a pad 

connected to an external driving circuit at their ends and 
receive the driving signal such as the scanning pulse or the 
sustaining pulse from the external driving circuit, 
respectively. The outer edge of the metal bus electrodes 83Y 
and 83Z are substantially identical to the outer edges of the 
transparent electrodes 82Y and 82Z or are located on the same 
vertical line as those of the transparent electrode 82Y and 
82Z. Moreover, the metal bus electrodes 83Y and 83Z may go in 
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more by a certain length toward the center of the discharge 
cell from the outer edge. Further, the inner edge of the metal 
bus electrodes 83Y and 83Z are separated by the length t from 
the inner edge of the transparent electrodes 82Y and 82Z the 
same as the first embodiment described above, thereby going in 
more toward the outer than the related art. 

[0079] On an upper plate of the PDP, a dielectric layer 

(not shown) deposited on the upper substrate 81 and a 
protective film (not shown) are further formed to cover the 
transparent electrodes 82Y and 82Z, the black layers 80A and 
80B and the metal bus electrodes 83Y and 83Z. The upper plate 
of the PDP with such a structure is combined to and sealed 
with the lower plate shown in Fig. 1. Moreover, an inactive 
mixture gas such as He+Xe, Ne+Xe or He+Ne+Xe is injected into 
a discharge space arranged between the upper plate and the 
lower plate. 

[0080] Fig. 9 is a cross-sectional view of an upper plate 

of a PDP according to a fourth embodiment of the present 
invention . 

[0081] Referring to Fig. 9, the PDP according to the third 

embodiment of the present invention includes a transparent 
electrode 92 formed on an upper substrate 91 and black layers 
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90A and 90B formed on the upper substrate 91 and formed 
between transparent electrodes 92Y and 92Z and metal bus 
electrodes 93Y and 93Z at each of the adjacent discharge cells 
CI and C2 wherein the black layers 90A and 90B have light 
transmittances that are partially different from each other. 

[0082] The transparent electrodes 92Y and the metal bus 

electrode 93Y located on one side of each of the discharge 
cells CI and C2 is comprised of a scanning electrode to which 
a scanning signal for selecting a horizontal line of the PDP 
during an address interval is applied and a sustaining pulse 
for causing a sustain discharge is applied for the discharge 
cell selected by an address discharge during a sustaining 
interval. Moreover, the transparent 92Z and the metal bus 
electrode 93Z located on the other side of each of the 
discharge cells CI and C2 is comprised of a sustain electrode 
to which a sustaining pulse is applied in alternating fashion 
with the scanning electrode to cause the discharge cell 
selected by the address discharge to make a sustain discharge. 

[0083] The upper substrate 91 is made of materials such as 

transparent glass, plastic and ceramic. 

[0084] The black layers 80A and 80B include a first black 

layer 90A formed between the transparent electrodes 92Y and 
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92Z and the metal bus electrodes 93Y and 93Z at each of the 
discharge cells CI and C2 ; and a second black layer 80B formed 
on the upper substrate 91 between adjacent discharge cells CI 
and C2 via a boundary area BD, and connected to the 
transparent electrodes 92Y and 92Z neighboring the adjacent 
discharge cells CI and C2 . 

[0085] A light shielding ratio of the first black layer 

80A is lower by about 0.1% ~ 5%, preferably about 0.1% ~ 3%, 
than that of the second black layer 90B. For instance, the 
light shielding ratio of the first black layer 90A may be 
about 95%. In contrast, the light shielding ratio of the 
second black layer 80B is lower by about 96% than that of the 
first black layer 90A. 

[0086] Since a light irradiated from a phosphorous 

material (not shown) transmits the metal bus electrodes 93Y 
and 93Z, and then transmits the first black layer 90A as the 
light transmittance of the first black layer 90A becomes 
higher, there are much light to go toward an display surface, 
thereby enhancing brightness of the discharge cell. 

[0087] Since an undesirable light irradiated from the 

adjacent discharge cell is shut off as the light shielding 
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ratio of the second black layer 90B becomes higher, thereby- 
enhancing a contrast of the adjacent discharge cells CI and C2 

[0088] In case that silver paste runs down for a printing 

process of the metal bus electrodes 93Y and 93Z, the distance 
between the metal bus electrodes 93Y and 93Z and the upper 
substrate 91 is made to be extended as compared with the 
related art, thereby preventing a discoloration of the upper 
substrate 91. Further, the second black layer 90B has the 
distance between the metal bus electrodes 93Y and 93Z and the 
upper substrate 91 extended to shut off a migration due to an 
ion elution of the electrode material, thereby preventing the 
discoloration of the upper substrate 91 caused by electrode 
material . 

[0089] To make the light shielding ratio of the first and 

the second black layers 90A and 90B different from each other, 
the thickness of the first black layer 90A is thinner by about 
0.1pm ~ 2\m\ than that of the second black layer 90B. For 
instance, the thickness of the first black layer 90A may be 
selected within 2pm while the thickness of the second black 
layer 90B may be selected within the range of 2pm ~ 4//m. 

[0090] To make the light shielding ratio of the first and 

the second black layers 90A and 90B different from each other, 
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the present invention makes a pigment concentration of the 
first black layer 90A different from thereof the second black 
layer 90B. To make a light shielding ratio of the first black 
layer 90A higher than that of the second black layer 90B, the 
pigment concentration of the first black layer 90A is lower by 
about 1% - 10% than that of the second black layer 90B. For 
instance, the pigment concentration of the second black layer 
90B may be about 70%, while the pigment concentration of the 
first black layer 90A may be about 60% ~ 69%. 

[0091] A conductivity of the first black layer 90A and the 

second black layer 90B in the present invention is different 
from each other. Since the first black layer 90A is formed 
between the metal bus electrodes 93Y and 93Z and the 
transparent electrodes 92Y and 92Z, the present invention 
makes the conductivity of the first black layer 90A become 
high, thereby making a current density applied from the metal 
bus electrodes 93Y and 93Z to the transparent electrodes 92Y 
and 92Z high. Alternately, since the second black layer 90B is 
connected between the electrodes neighboring the adjacent 
discharge cells CI and C2 , the present invention makes the 
second black layer 90B be a non-conductivity, thereby 
preventing an electrical short between the adjacent discharge 
cells . 
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[0092] A conductive pigment included in a black paste of 

the first black layer 90A, for instance, a ruthenium oxide 
Ru x O y having a low resistivity is about 60% ~ 69% to make a 
current density between the metal bus electrodes 93Y and 93Z 
and the transparent electrodes 92Y and 92Z and a light 
shielding ratio high. In addition to the pigment, the 
concentration of an organic binder, a surfactant and other 
additives included in the black paste along with the pigment 
is about 31% ~ 40%. 

[0093] It is preferred that the concentration of the 

pigment having a high resistivity or non-conductivity, for 
instance, a cobalt oxide Co x 0 y , an iron oxide Fe x O y , a chrome 
oxide Cr x O y and a manganese oxide Mn x O y , etc. is about 70% in a 
black paste of the black layer 90 so that two electrodes 
neighboring the adjacent discharge cells CI and C2 are not 
electrically shorted. In addition to the pigment, the 
concentration of an organic binder, a surfactant and other 
additives is included about 30% in the black paste. 

[0094] To form the first and the second black layers 90A 

and 90B, a process for fabricating the upper plate includes a 
printing process for printing the same compositional black 
paste as mentioned above through a screen and a mask on the 
upper substrate 91 provided with the transparent electrodes 
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92Y and 92Z and a firing process for solidifying the black 
paste. In case of making the thickness of the first black 
layer 90A and the second black layer 90B different from each 
other to make the light transmittance of the first black layer 
90A higher than that of the second black layer 90B, the number 
of printing is different. Moreover, in case of making the 
pigment concentration of the first black layer 90A and the 
second black layer 90B different from each other to make the 
light transmittance of the first black layer 90A higher than 
that of the second black layer 90B therefor, the black pastes 
are differently masked and formed by a printing and firing 
process . 

[0095] The metal bus electrodes 93Y and 93Z have a pad 

connected to an external driving circuit at their ends, and 
receive the driving signal such as the scanning pulse or the 
sustaining pulse from the external driving circuit. The outer 
edge of the metal bus electrodes 93Y and 93Z has substantially 
the same scheme as the outer edge of the transparent 
electrodes 92Y and 92Z or is located on the same vertical line 
as that of the transparent electrodes 92 Y and 92 Z. Moreover, 
the metal bus electrodes 93Y and 93Z may go in more by a 
certain length toward the center of the discharge cell from 
the outer edge. Further, the inner edge of the metal bus 
electrodes 93Y and 93Z is separated by the length t from the 
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inner edge of the transparent electrodes 92Y and 92Z as 
similar as the first embodiment described above, thereby going 
in more toward the outer than the related art . 

[0096] On an upper plate of the PDP, a dielectric layer 

(not shown) deposited on the upper substrate 81 and a 
protective film (not shown) are further formed to cover the 
transparent electrodes 92Y and 92Z, the black layers 80A and 
80B and the metal bus electrodes 93Y and 93Z. The upper plate 
of the PDP with such a structure is jointed to and sealed with 
the lower plate shown in Fig. 1. Moreover an inactive mixture 
gas such as He+Xe, Ne+Xe or He+Ne+Xe is injected into a 
discharge space arranged between the upper plate and the lower 
plate . 

[0097] As described above, the PDP according to the 

present invention includes the black layer covering the outer 
side and a portion of the outer upper surface of the 
transparent electrode and has . the metal bus electrode formed 
on the upper surface of the black layer. Accordingly, the PDP 
according to the present invention shuts off the running down 
or the migration of the metal paste that forms the metal bus 
electrode to prevent the discoloration of the substrate due to 
the migration of the metal bus electrode or the running down 
of the metal paste. 
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[0098] Further, the PDP according to the present invention 

has the metal bus electrode arranged in the outer edge of the 
transparent electrode and biased toward the outer side of the 
discharge cell so that the space for the transparent electrode 
is increased and the aperture and brightness of each discharge 
cell are increased. Moreover, the PDP according to the present 
invention shuts off the running down or the migration of the 
metal paste to form a transparent electrode with various 
structures without the substrate discoloration. 

[0099] In addition, the PDP according to the present 

invention forms a black layer between adjacent discharge cells, 
to thereby prevent the deterioration of a contrast generated 
by a light leakage between the adjacent discharge cells, and 
thus to enhance the contrast, that is, a visibility of a 
display picture. Further, it is possible to improve a light 
transmittance of the black layer between a metal bus electrode 
and a transparent electrode and brightness of the discharge 
cell, thereby enhancing a display quality. 

[00100] Although the present invention has been explained 

by the embodiments shown in the drawings described above, it 
should be understood to the ordinary skilled person in the art 
that the invention is not limited to the embodiments, but 
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rather that various changes or modifications thereof are 
possible without departing from the spirit of the invention. 
Accordingly, the scope of the invention shall be determined 
only by the appended claims and their equivalents. 
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